AD=A083 688

UNCLASSIFIED
t

GEORGE WASHINGTON UNIV WASHINGTON D C PROGRAM IN LOG—-ETC F/6 S/1
APPLICATIONS OF A WASE~TURNOVER MODEL TO THE SHIPBUILDING INOUS~=ETC(U}

FEB 80 S E HABERr E J LAMAS N 001‘-75-C-072
SERIAL-T-QI'




|

? \

& B8 i
10 &0 ks
* i
= LW g,
- [ F1
“ 40 20
= “ml,S
=
1.6

22 s nie

MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREALL OF STANDARDS 19634 A




ESEARCH DEVE

TY LEA

TUDENTS FACULTY STUDY R
URE CAREER C

_LOPMENT FUI
REATIVITY, CC
DERSHIP T Ch




R P

””

=)

b PLICATIONS OF A
0 rnnligxrn uffgzggs __)
by

Sheldon z.ﬁmj

Enrique J.

(Y Beiectio vepts |

-t By,
. : .qiq Q‘ ‘.t l

. @ [—: o m&arm
| Pl

The George Washington University
School of Engineering and Applied Science
Institute for Management Science and Engineering

in lo

Con [4~75-C~0729
Project
' Office of Raval Resesrch

T

v LH§337 JoEB

This document bes been approved for public
sale snd release; its distribution is unlimited.



)

. THE GEORCE WASHINGTON UNIVERSITY
‘School of Engineering and Appijed Science
Institute for Management Science and Engineering

Program in Logistics

Abstract
of
Serial T-414
8 February 1980

APPLICATIONS OF A WAGE-TURNOVER MODFL
TO THE SHIPBUILDING INDUSTRY

by

Sheldon E. Haber
Enrique J.. Lamas

The object of this paper is to indicate how a model of firm behavior,
which incorporates training costs and turnover, can be utilized to answer
important decisions relating to hiring and retention. The basic model is
adopted from the extant literature and extended in this paper. While the
{mpetus for the paper arises out of research into the shipbuilding labor

market, the applications discusged are of general interest to any firm
regardless of industry.

Research Supported by

Contract N0OOOl4-75-C~0729
Project NR 347 020
Office of Naval Research




X
f
i
¥

SECURTY CLASHPICATION OF THIS PAGE (When Date Enterad)

REPORT DOCUMENTATION PAGE

‘ r‘-u/

4. TITLE (and m’

-APPLICATIONS OF A WAGE-TURNOVER HODEL
- T0 THE SHIPBUILDIM INDUSTRY

"lm-)‘ »
' SHELDON E. IIABER
ENRIQUE J. LAMAS

READ INSTRUCTIONS
) BEFORE
ACCRESION " ATA
_-ons 688
S. TYPE OF REPORT & PERIOO COVERED
| SCIENTIFIC
/ I'é. PERFORMING ORO: NUMBER
: T=414
) ab- e
N00014-75-X-0729

. PERFORMING ORGANIZATION N ND ADDRESS
THE GEORGE WASHINGTON MNIVERSITY
PROGRAM IN LOGISTICS

WASHINGTON, DC 20037

R ¥ Bo e DY o T

11. CONTROLLING OFFICE NAME AND ADDRESS
THE OFFICE OF NAVAL RESEARCH

DEPARTMENT OF THE NAVY
ARLINGTON, VA 22217

-’

T3, WONITOMING AGENCY NAME & :ssilml different from Controiling Office) i'. SECURMITY ELM (: hip repoet)

12. REPORT DATE

8 February 1980
[~13. NUMBER OF PA n"ou“ —

DULE

16, DISTRIBUTION STATENENT (of iis Repert)

- DISTRIBUTION OF THIS DOCUMENT 1S UNLIMITED.

17. DISTRIBUTION STATEMENT (of the abetrest entered in Bleck 20, If different frem Repert)

18, SUPPLEMENTARY NOTES

MANPOWER AMALYSIS
SHIPBUILDING INDUSTRY

mmumﬁbﬁ'“m

'l'hc object of this paper is to indicate how a model of firm bohavior.

which incorporates training costs and turnover, can be utilized to answer
important decisions relating to hiring and retention. The basic model is
adopted from the extant literature and extended in this paper. While the
impetus for the paper arises out of research inco the shipbuilding lador

market, the applications discussed are of general interest to any firm

routdlm of industry.

PO P P -

Ry,




THE GEORGE WASHINGTON UNIVERSITY
School of Engineering and Applied Science
Institute for Management Science and Engineering

Program in Logistics

APPLICATIONS OF A WACE-TURNOVER MODEL
TO THE SHIPBUILDING LNDUSTRY*

by

Sheldon E. Haber
Enrique J. Lamas

l. Introduction

| Bconomists have given wmuch thought to the relationship between
factor utilization and factor prices. The models developed by the economist,
however, have sometimes neglected considerations that firms must contend
with in determining labor requirementa. Only recently with the develop~
ment of the theory of human capital have training costa] and turnover
been integrated into models of wage deterlinationz. Of the two, train-
ing costs have received the moat attention. While it is recognized that
workcrs leave employers when it is advantageous to do so, few models provide
an explicit link between turnover and the wage rate. As indicated

*
The authors are indebted to Robert S. Goldfarb and James R. Hosek for their
helpful comments. Any errors of commission or omiasion are our sole reaponsibility.

llncluded in training costs are all losses in output occurring as a result of

workers participating in the training proceas. Por brevity, we define training
costs to also include the cost of hiring. '

2See Gary S. Becker, Human Capital: A Theoretical and Empirical Analysis With
Special Reference to ®ducation, Columbia University Press, 1964.
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below, ttainih; costs nﬂd turnover are nlsq central to this paper. The
purpose of our study is to indicate how such information can be used for

E solving some practical problems pertaining to manpower acquisition and
retention.

Some relationships between the demand for labor, training, costs,
and turnover are fairly obvious. For example, assume two groups of workers

are otherwigse identical except their turnover rates are different. One would
expect the group with the higher turnover to be paid a lower wage even if
training costs vere the same for both. Thus, the tendency for women to leave
the labor force more often than men may explain their lower wage rate.d But i
how much of the observed wage differential can be explained by this factor? ‘
This question has been addressed by Goldfarb and Hosekﬁ who estimate that

only one~quarter of the wage differential between mer and women can be explained
by differences in turnover.

In this paper we describe the Goldfarb and Hosek model and indicate
. how it can be applied to the shipbuilding industry where, as is well known,
7 turnover and training costs are high. Their model is then extended by relaxing . ?
:; _ some of its assumptions. While the impetus for the paper arises out of research |
? into the shipbuilding labor market, the applications discussed are of general .
interest to any firm regardless of industry.

In Section 1, following Goldfarb and Hosek, it is assumed that two
groups of workers who are perfect substitutes for each other have different
separation rates but the same marginal value product and training costs. It
is further assumed that each group's separation rate is independent of its:
wage rate. Given these assumptions, which group should a firm hire if it
wishes to minimize labor costs? In Section 2, the Goldfarb-Hosek model is

! extended by dropping the assumptions of equal marginal value product and b
training costs. In Section 3, the focus is shifted from the hiring problem

PPN

to the problem of retention. Instead of assuming that the wage rate is

3

R It should be noted, howsver, that there is some evidence that men may
change employers more often than women. .
. ‘lobctt 8. Goldfarb and James R. Hosek, "Explaining Male-Female Wage

Differentials for the 'Same Job,'" The Journsl of Human Resources, Winter !
1976, pp. 98-108.

'
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exogeneously determined, it is assumed that the separﬁtion rate is negatively
related to théhwa;e rate. The question raised in this part of the paper is

the following: How much more can a firm pay a group of workers without raising
its labor costs if, as a result of paying a higher wage, the group's separation
rate were to decline by a specified amount? The answer to this question is a
first step in determining an optimal wage structure.

It must be remarked that the questions raised in this paper are
considerably simpler than those faced by employers. Yet they are more complex
than those addressed in the extant literature. Also. the data needed to imple-
ment the models presented are not available in published form; indeed, not all
firme collect the requisite data. If data are collected, they are unlikely to
be examined in detail because, heretofore, few models have been formulated to
utilize such data. It is hoped that the present study will alleviate this
shortcoming.

2. The Basic Model and Applications
to the Hiring Decision

The Goldfarb~Hosek model is set within the framework of the profit
maximizing firm. It assumes that firms incur training costs for each employee
hired and they must recover these costs over the employee's term of employment.
The profit maximizing firm recoups its costs by paying employees less than the
value of their output, i.e., less than their marginal value product. The dif-
fcrence between marginal value product and the wage rate, discounted to the
present and susmed over all periods during which the employee remains in the
firm's employ is the return to the firm on its investment in training. Since an
employee may separate from a firm at any time, “employers use an expected walue
calculation in which the discounted return in any period 1s-mu1tip11ed by the
probability that the worker will be in the firm's employ during the period.

As Goldfard and Hosek show, the equilibrium condition for maximizing
profits is

Y T R T AR T TR W IROETY T A S A S e T re
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where T 1is the employer's "labor force time horizon.“5 HVPt and v,

are the marginal value product of labor and the wage rate in time period ¢t ,
r.apcctivnly,6 r 1is the discount rate, S is the employee's separation
probability, and C 1is training costs. The term in brackets is the discounted
return during period t ; (1-S)* 1s the likelihood that the discounted return
will be realized during the period. The product of these two terms is the
expected present value of the return. The firm maximizes profits by hiring .
workers until the expected present value of the stream of returns falls inmto
equality with the costs of acquiring an additional worker.

The equilibrium condition noted above can be rewritten in a simpler
form, assuming an employee's marginal value product, wage rate, and separation
rate are constant through time and that the employer's labor force time
horizon is sufficiently long. Under these simplifying assumptions, the steady-

. state equilibrium condition is given by7

(uvp-w)(-l-r:’—s)-c-o. @

Goldfarb and Hosek then use (2) to derive the wage rate differential
between two groups of workers which leaves a firm indifferent between hiring
one or the other when each group has the same marginal value product and the
same training costs. With these additional assumptions, the wage rate
differential is found to be8

wl-;.z--(-igr-)-<s2-s1) . 3)

5'l'hc. labor force time horizon is the period of time over which a firm makes
its calculations of how much to produce and how much of each kind of labor
it will employ. ' '

6In Goldfardb and Hosek, op.cit., p. 98, equation (1) is stated in real terms.
To fascilitate the exposition, it has been converted into dollar terms.

7

Ses Appendix Note 1.
85ee Appendix Note 2.
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As can be seen from (3), the wage rate differential in favor of the group
with the lower separation rate (denoted as group 1) is greater, the larger
the difference in the turnover rate between the two groups. In comparing

(2) and (3), it is noticed that by assuming both groups of workers have the
same marginal value product and the same training costs, the former variable
drops out and the latter enters as a parameter (along with the discount rate).

By way of illustrating the economic meaning of (3), consider the case
where group 2 workers turn over every period while group 1 workers remain with
the firm permanently. In this situation, the firm will be indifferent between

paying group 2 workers a wage vy and incurring training costs of L each

l4r

period and paying group 1 workers a wage v, + Ig; . Which of the two groups

the firm will hire in order to minimize expenditures on labor will depend on
the market wage rate at which each group can be hired. If the firm can obtain
as many workers as it wants at the prevailing market wage rate for each group,

9

and if each group's separation rate is independent of its wage rate, labor
expenditures will be minimized by hiring group 1 workers provided its wage rate
exceeds that of group 2 workers by less than Tg; dollars. If, on the other

hand, group 1's wage exceeds that of group 2 workers by more than dollars,

L
14rx
it would be more economical to hire the latter. All other things being equal,

the wage rate that could be paid to group 1 without its being priced out of the
market depends on the costs of'training (and the interest rate). The higher the
costs of training, the larger the wage differential that can prevail between the

two groups.

Equation (3) is of interest from another standpoint since it shows the
differential value per worker to the firm in employing two groups with different
turnover rates, given training costs and the interest rate. As an example of
how this information can be used, consider the problem of determining whether a
firm should recruit equally productive workers locally or from more distant
pllcco.lo This problem is particularly acute for large scale firms located in

9That is, each group'a‘lupply curve is perfectly elastic.

lolneruiting costs are usually included in the calculation of hiring costs. For
the purpose of this example, they are treated as a variable cost independent of
hiring costs. :

-s-




small labor markets, as is often the case of shipyards, and is becoming

more prevalent in other industries where cstablishments are locating in non-
-atiopolitan areas. The further afield a firm recruits labor, the greater
will be the turnover rate. One reason for this is that the more distant a
worker lives from his place of residence, the greater is the cost of getting
to work. Additionally, workers tend to have stronger ties to the connﬁnity
in which they live than the one in which they work. Hence, distant workers
who take jobs outside their area of residence are more likely to consider them
as temporary and separate when employment closer to home becomes available.
Where the two groups of workers are available at the same market wage tafe.
as would be the case where the wage rate is specified by union contract, and
the supply curve of labor is perfectly elastic for all levels of output con~

represents the cost, or shadow price, of

templated by the firm, l—f; (s,

v
increased turnover when nonlocal labor is hired; alternatively, it represents
the resources that can be devoted to recruiting labor from the local area,
which would leave labor expenditures, including expenditures on training,

unchanged.ll

The resources per period to be devoted to recruitment should be such
that the effective wage of local labor, that is, the wage rate plus recruiting
expenditures per period, results in (3) being satisfied. If the wage and
recruiting outlays expended on local labor are less than the amount indicated
by applying (3), profits can be increased by recruiting additional workers
locally. As before, training costs play an 1nportant role. All other things
being equal, the higher the cost of training, the greater the advantage of
hiring local workers since hiring workers ffon distant places entails a greater
risk that training costs will not be recovered.

3. An Extensiop of the Model and an Additiomnal
Application to the Hiring Decision '

In the preceding section, it was assumed that the marginal value product
of two alternative groups of workers are equal. Additionally, it was assumed

1181ac0 both groups are distinguished only by their place of residence, it
can be assumed that they sre perfect substitutes.




that their training costs are the same. In this section, these two

restrictions are removed, thereby increasing the class of problems to
which the approach underlying the Goldfarb-Hosek model can be applied.

As an example of this larger class of problems, consider the case of

a firm faced with the decision of hiring experienced workers or inexper-
ienced workers. All other things being the same, the former would be pre-
ferred to the latter because their marginal value product is higher and
their cost of training is lower. Additioﬁally, experienced workers are more

likely to be older and, hence, have a lower separation tate.lz But older,

G i e F NS AR b 8 s

experienced workers differ from younger, inexperienced ones in an important

way. Because they are experienced, they can command a higher wage rate.

Which of the two groups to hire, then, depends on whether the benefits of

higher productivity, lower training costs, and lower turnover outweigh the

higher wage expenditures required to attract experienced workers.

The Goldfarb-Hosek model can be extended to evaluate the benefits

and cost of hiring experienced versus inexperienced workers as follows:

As before, we begin by assuming 1) an employee's marginal physical

product, wage rate, and separation rate are constant through time, 2)

the employer's labor force time horizon {s sufficiently long, and 3) an

employee's separation rate is independent of his wage rate. In contrast to

the earlier model, Bowever, we now assume two groupé of workers with dif-~

ferent marginal value products and training costs. Under these conditions,

the wage differential leaving a firm indifferent between the two groups 1313

e e ————— d——— s —

szccause older workers have a shorter work-life expectauncy, their rate of
return on smobility will be less than for younger workers. A lower rate of
return is also likely to prevail with respect to changing jobs. Additiomally,
older workers will have accumulated more information than younger ounes
regarding career choice, working conditions in other firms, etc., which
reduces the nced to change jobs to see if they can improve their employment
position.

As noted below, older workers, being more experienced, earn more than
younger workers and this may also cause their separation rate to be lower.

¢ in this section, only the inverse relationship between turnover and age is
considered.

jzsee Appendix Note 3.

el




T~414

L » 148, (1~t-s1
1" Y2 =‘(HVPl - HVPZ) + 02 prvaad Ball ) freng B0 (&)

From this expression one finds that for MVP, = MVP, and ¢,=¢, =¢C,

w

the first term on the right equals 0 and the last two terms reduce to
T%; (82- Sl) . that is, (4) reduces to (3) when the assumptions of the
previous section are satisfied. Additionally, it is noticed that when

HVP1 = MVPZ and Sé L 81"'~S , the last two terms reduce to %%g (C2 - Cl) .

Thus, all other things being equal, even when two groups of workers
have the same separation rate, it will be advantageous to hire the group
with the lower training cost. This result differs from the one in the

preceding section where no advantage accrues to a firm when both groups

have the same separation rate.

The most difficult problem in applying (4) is estimating MVPl - MVP2 .

For some occupatioﬁs, such as welders, one may be able to obtain a physical
measure, for example, feet of weld per day, which can thean be converted to a
doilar value figure. Another way of getting at this difference is in terms
of the differential earnings between older and younger workers doing similar
work in other industries. In the absence of information about MVP, and

HVPZ , the right-hand sfde of (4) can be estimated by omitting the first

term in parenthesis and using the more readily obtainable data on training
costs and separation rates; this ytelds a minimum estimate of the optimal

wage differential for the case where MVP1 > MVPZ .

It is readily seen from (4) that more experienced (group 1) workers
can be compensated at’' a higher rate than inexperienced ones because their
marginal product 1d'high‘r. their training cost is lower, and, if they
are older, as is typically the case, their separation rate ig lower. The
hourly wage differentiql that employers can pay to experienced workers,
that is, the wage differentia! that balances the advantages of hiring

L it e e
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such workers, is shown in the table below for several combinations of

14 In our illustration, with

c
- - .16 2 .
.03, s1 .01 and Tor $3,000 ,

the variables in the extended model.

15

MVP, - MVP2 = §$2,000 ; S

1 2
4
1+r
more than inexperienced ones.17 The wage differential will vary from in-

= $1,000 , expefienced workers can be paid as much as $1.43 per hour

dustry to industry, depending on the values of the variables in the model.
It should be clear, however, that for industries with above average skill
requirements, particularly those where value added per worker is high

as in shipbuilding, the benefit of hiring experienced workers can bhe

substantial.

lI'The top block of figures in the table indicates the hourly wage differ-
ential when training costs are ignored; in this case, the wage differential
is due solely to differences in marginal value product. Columns (1), (3),
and (6) indicate the hourly wage differential when the separation rate of
each group is the same.

15The figure MVP1 - MVP2 = $2,000 is somewhat higher than the earnings
differential of $1,708 between workers age 35-44 and age 25-34 in durable
goods manufacturing in 1970 (see John Martin, The Labor Market of The
United States Shipbuilding Industry: 1960-1970, The George Washington
University, Institute for Management Science and Engineering, Program

in Logistics, Serial T-838, 30 June 1978, unpublished dissertation).

16The average monthly quit rate in durable goods manufacturing was .018 in

1978 (see U.S. Department of Labor, Bureau of Labor Statistics, Employment
and Earnings Statistics for the United States, Bulletin 1312-11, 1979). No

quit rate data are available by experience level, but it is reasonable to
assume that the quit rate of inexperienced (experienced) workers is higher
(lower) than average.

17In 1978, the average hourly wage ratio of production workers in manufactur- ‘9

ing was $6.19. See U.S. Department of Labor, op. cit.
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Houxly me'biffcuntialsa for Given Differentials
in Marginsl Value l"'roduct,b ‘rfaining Costs, and

Separation Ratec

= .01 S s, =02 | s, = .03

5, 2 |
—
VP - MVP, .sl? .01 5,=0 _54- .02 8= .01 §=0 §=.03 §=.02 §=.0L S50
@ @ ®™ (4) (5) (6) ¢)) (8) (9)
S2-0; S-0
1+r 1+4r
0 0 0 0 0 0 0 (] (] 0
1,000 .48 A48 | .48 .48 .48 .48 .48 .48 48
2,000 .97 .97 .97 .97 .97 .97 97 .97 .97
3,000 1.45 145 1.45 1.45 1.45 1.45 1.45 1.45 1.45
. C2=1,000; C1=0
1+r _ 1+r
0 .06 .06 .12 .12 .12 .17 A7 a7 .17
1,000 .54 .54 .60 .60 .60 .66 .66 .66 .66
2,000 1.03 1.03  1.08 1.08 1.08 1.14 1.14 1l.14 1.14
3,000 .51 1,51 1.63 1.63 1.63 1.69 1.69 1.69 - 1.69
% = 3,000; € = 1,000
l+4r 1+r
0 A2 0 .17 .23 .29 .35 .35 41 .47 .52
1,000 .60 66 .72 .78 .83 .83 .89 .95 1.01
2,000 1.08  1.14 1.20 1.26 1.32 1.32 1.38  1.43 1.49
3,000 1.63  1.69 1.69 1.74 1.80 1.80 1.86 1.92 1.98
€ = 5,000;_C1 = 2,000
T+r 14t
0 17 .29 .35 47 .58 .52 .64 .76 .87
1,000 .66 .78 .83 .95 1.07 . 1.01 1.12  1.2¢ 1.36
2,000 1.14  1.26 1.32 1.43 1.55 1.49 1.6  1.72 1.84
3,000 1.69  1.74 1.80 1.92 2.03 1.98 2.09 2.21  2.32
'c«n(mud by dividing monthly differentials by 172 hours per month (40 hrs/vk x 4.3 wk/mo).
b?er year. .
.cl,“ aouth, '
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As before, it is assumed that labor supply schedules are perfectly
elastic. 1n choosing between experienced and inexperienced workers, firms
compare the wage premium they can pay to the former with the premium they

-wmust pay in the labor market. Labor costs are minimized by hiring ex-

perienced workers when the market wage differential is less than the

differential indicated by (4), and hiring inexperienced ones when it is

larger.l8

4. Applicatiom of the Model to
the Retention Decision

Up to this point, the context of the discussion has been the hiring
decision where it is assumed that separation rates are independent of wage
rates. We now direct attention to the retention decision. In this context,
it is assumed that separation rates depend'on wage rates and that the higher
19 additionally,
it 1s assumed that the firm has discretion over its wage policy, and at

a group's wage rate the lower will be its separation rate,

established wage rates arrived at through collective bargaining or informal
negotiations with individual workers, it can obtain as much labor as it

desires.

In establishing a wage structure, a firm will neced to give consideration
to the relationship between that structure and turnover. For each group of .
workers it will want to balance potential losses in competitive position in
its product market (rom raising wages to too high a level against potential
losses resulting from excessive induced turnover of its staff if wages are set

too low. The Goldfarb-Hosek model, although not designed to do so, offers

ls[t is assumed that MVP1 - MVP2 is constant over the normal range of a

firm's output, otherwise the left-hand side of (4) will vary with the level
of production. This assumption will be met more closely in some contexts

than others.

lgEnpirlcal evidence indicating that the separation rate is negatively related

to the wage rate is found in a number of studies. See, for example, Vladimir
Stoikov and Robert Raimon, "Determination of Differences in the Quit Rate

Among Industries,” American Economic Review, December 1968, pp. 1281-98 and

John Pencavel, "Wages, Specific Training and Labor Turnover in U.S. Manufacturing
Industries,” International Economic Review, February 1972, pp. 53-64

-1l =
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" insight into some aspects of this problem under the sssumption of functional

dependence between the separation rate and wage rate.zo

Consider the case where workers with the same skill work in two
different environments, say, indoors and outdoor.21 Since outdoor work is
wmore arduous, it woyld not he surprising to find that, all other things being
the same, workers assigned to outdoor work have a higher separation rate than
those assigned to do indoor work. One way of reducing turnover among
6utdoor workers is to offer them a premium wage, but how much should be
offered? To answer this question one needs to know the functional rela-
tionship betﬁeen S and w, that is, S = g(w) ,'for outdoor workers. Such
information is not easily obtained. A wuch simpler question, which provides
a means for searching for the optimal wage, can be phrased as follows: How
wuch more can a firm pay outdoor workers without raising its labor costs,
if, as a result of paying a higher wage, the separation rate were to decline
by a speéified amount? Assuming that in both settings, indoor and outdoor

$5,000 , we find

work, MVP 6 = MVP2 » c1 = 02 = C , and, for example, 12

1

from (4) that a premium of 358 cents per hour could be paid outdoor labor
without raising costs to achieve a decline in the separation rate from, say,
.03 to .01 per hnhth; Of course, it would remain to be seen whether the

higher wage rate resulted in the required decline in the separation rate. A
firm wishing to be conservative could increase the wage rate in a series of
steps. At each step it would determine if the actual decline in the separation
rate fell by less than the required amount and would terminate the process when
this occurred. In following this sequential procedure a firm would, in effect,

- be searching for the optimal wage. The benefit to be derived from using the

21,

204, should be noted that in the previous section where the context was the
hiring decision, sepatation rates arc assumed to be fixed and firms choose
between groups by comparing implicit wage differentials and market wage differ-
entials. As mintioned above, in this section it is assumed firms have discre-
tion in setting wage rates and that they consider their effect on turndwer.

In the shipbuilding inddstry, for exasple, welders uork 1ndoora fabrlcattng
pacrts of tho hull ind autdoorn assembling the hull. ‘

-12 -




wode! in this manner is that it provides a criterfon for evaluating the impact
ol wage changes on turnover. At present, personnel managers can make such

evaluations only on the basis of intuition.

As o sccond 1llustrationof how the model can be applied to the problem
of retention, consider a firm whose turnover rate of experienced workers has
been increasing over time because the wage paid to this group has not kept
pace with that paid by firms in other 1udustriea,22 Here again, one way to
reduce turnover is to raise wage rates for the affected group. As indicated
by the discussion, it may be possible to do this, thereby improving the structure
of wages without increasing expenditures (including fraining costs) for labor.
This would be the case if the separation rate of experienced workers fell
more than the required amount indicated by (4) consequent upon a rise in
their wage rate.

The model can also be applied to develop a wage structure to attract
workers who have a relatively high expectation of staying with a firm. Again,
this ig an important consideration for firms that engage in a large amount of
on-the-job training. Such a wage structure would pay a lower than competitive
wage initially and a higher than competitive wage later.23 Workers whose career
planning horizon is short would prefer a higher immediate wage; but those with
a longer career planning horizon would be willing to substitute later wage gains
for a lower initial wage rate and to stay on with a firm until those gains can
be realized. Finding the preferred wage structure in this case requires

o e s o e e ¢

2280-e evidence that this occurred in firme in the shipbuilding industry
during the late 1960s is found in John Martin, ovp. cit.

23 itive wages for older workers
everse pattern, that is, less than compet g

an:hgizhnr thl: competitive wages for younger workers, appears to prevailiin

the shipbuilding industry. See John Martin, ibid. PFor a further d“cut' ::f

of the relationship between current and future wage rates over a workctiu thce

cycle, see Joanne Salop and Steven Sslop, "Self Selection and Turnover in

Labor Market,” Quarterly Journal of Bconomics, November 1976, pp. 619-627.




information about the quit function by age group. As noted, the model provides
an e-pltical basis for experimenting with alternative wage structures without
specific information sbout the quit rate functiou.

As a laot illustration, thc model can be utilized to evaluate the
consistency of an orgsaization’s wage structure n-ons occupations. Used
in this manner, (4) implies that occupational wage differences arise from
differences in marginal value product, the costs of training, and separation
rates. -Only the firat factor has been extensively treated by economists but,
clearly, the other two factors need to be considered. For example, in the
military it is assumed that all occupations contribute equally to readiness.
But as training costs as well as separation rates differ among occupationms,
there is a need for adjusting salaries to take account of these fictoro. and,
indeed, the military uses bonus incentives for this purpose. The model dis-
: . cussed in this paper is appropriste for this and similar contexts where it is
% desirable to develop shadow prices in order to improve on existing wage scales.

e en i Sl
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2‘Fbr an optimal solution to the problem of 1i{fe-cycle wage rates from the
perspective of the firm, information is needed on how the turnover rate of
young workers varies with future (in addition to current) wages. Since a
higher future wage appsars to reduce turnover smong young people, raising the
wage rate of older (experienced) workers and, hence, the wage rate that a
young person can obtain when he bacomes older, has two effects: It reduces
turmover among older (experienced) workers and it also reduces turnover among
younger workers @eeRichard J. Claycombe, The Supply of Young Craftsmen to

an Industry, the George Washington University, Institute for Management Science ‘
and Engineering, Progrea in Logistics, unpublished dissertation (forthcoming)). g
To the extent that this is #0, the likelihood of increasing labor expenditures, L
vhen adjusting the wage structure to attract workers with a long plehning
horison, is diminished.
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5. Concluding Remarks

The objective of this paper has been to indicate how a model of firm
behavior ‘that incorporates training costs and turnover information can be
utilized to answer important decisions relating to hiring and retention.

A number of applications of the model to the.hiring problem are
discussed. One application pertains to the issue of whether to hire ex-
perienced or inexperienced workers. Although the former can be compensated
at a aigher wage than the latter because their marginal value product is
higher, their training cost is lower and, typically, their separation rate
is lower, they also command a higher wage rate in the labor market. The
model provides a means of evaluating these diverse kinds of information
in deternihing whether to hire experienced or inexperienced workers.

As is indicated by the discussion, the cost of turnover relative
to the wage rate can be high. This finding is consistent with the work of
Piore and Doeringerzs who posit that a major factor in the development of
internal labor markets is the priority that firms place on low turnover,
This development is fostered by a variety of practices, for example, senior-
ity rules, which invest a worker with quasi-property rights that supplement
the wage structure. One reason these practices become established may be
the-explicit recognition of the impact of turnover on the wage structure,
that is, were turnover higher, skill-wage differentials wbuld be larger than
they are now and this could be detrimental’ to workervmorale.

25i1chl¢1 Piore and Peter Doeringer, Internal Labor Markets and Manpower
Apalysis, D. C. Heath and Company, 1971.




The use of the model in retention decisions is also discussed. Some
examples are given relating to the structure of compensation within a firm.
" One example deals with premium payments to reduce turnover among outdoor

workers, assuming tiley are similar in all respects to indoor workers but their

conditions of work are more arduous. Other examples abound where it may be

desirable to determine a shadow price in order to improve on existing wage
scales. As indicated, the model offers a criterion for determining whether
a change in wage rates i{s cost-effective in terms of its iwpact on labor expendi-

tures, including expenditures on training.

_Although the model yields insights into a number of problems which have
heretofore been largely intractable, some caveats are in order. There are
substantive aspects that may limit the utility of the model. For example, it
is assumed that firms can obtain as much labor as they desire at established

wage rates. If a higher wage must be offered to attract new workers, the addi-

tional wage payments, which must also be given to currently employed workers,
needs to be taken into account. Also, it is assumed that a firm's labor force

time horizon is long. Where this is not so, as may be the case in shipbuilding,

i the model overestimates the shadow price of turnover since training costs must

be recouped over a shorter period of time. Other simplifying assumptions

i imbedded in the model are that marginal value product and the wage rate remain
constant -over tme 26 Additionally, it is iuporunt'that the economics of the
model be understood before it is applied in any particular context.

St1ll other limitations pertaining to measurement of the variables in
the model should be noted. Besides the problem of measuring marginal value
product, there is the nontrivial problem of dcteriinin. training coats. It is

261ne model can be modified to relax these assusptions by .assuming that each

increases st a constant rate. The model equations for this case are available
from the suthors upon request.




also not clear u to how the separation rate should be calculated. Normally,
only quits would be included in the calculation, but to the extent that workers
who are layed off find other jobs, they, too, should be counted since their loss
represents unrecouped training ex'penditures. Despite the difficulties mentioned,
it is believed the issues that cap be addressed by the model are sufficiently
‘important to warrant the development of approximately accurate data and their
analyais along lines indicated in this paper.




‘Appendix Note 1: The Equilibrium Equation
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Assuming (1), (11), and (i1i), (1) can be rewritten as
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Appendix Note 2: Wage Rate Differential Equation

Proof that the approximate equilibrium equation

1+r
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Subtxacting (6) from (5),

45, 45,
vy =¥, = WVP - WVP - C\37™ - T
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Appendix Note 3: Extension of the Equilibrium Equation

Proof tiut the approximate equation

(m-w)(-i%)-c-o (2)
145 148
implies v -wy = (MVPI - MVPZ ) + C, (-1-;&) - Cl (lTrl) (7)

vhen (1) HVl’l ¢ Mz
and (11) | Cl 02.

From (2)
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Subtracting (9) from (8),
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